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ABSTRACT 
1-~-Hydroxyethyladenine (I) was prepared by the 
reaction of ethylene chlorohydrin with adenine at 76°0. 
It was separated from the reaction mixture by use of a 
Dowex 50W-X8 cation exchange chromatography column and a 
linear gradient elution system. I was placed in aqueous 
alkaline solution for two weeks and ehecked at different 
intervals to determine its stability. I was also refluxed 
in an aqueous alkaline solution for 70 min. and its sta- 
bility was checked. I proved to be stable under all 
conditions. 
vii 
INTRODUCTION 
Although the toxicity of alkylating agents was observed 
in 1898, it was not until 1942 that investigation of alkyl- 
ating agents was intensified. In.1946 Gilman and Philips (22) 
published data which indicated the potent~al use of nitrogen 
mustards as alkylating agents in.cancer chemotherapy. The 
general term mustard originally was .used for the war gas com- 
pound bis-~-chloroethyl sulfide, but now refers to compounds 
containing at least one P-chloroethyl group attached to a 
sulfur or nitrogen atom. Alkylations (40) have been shown to 
occur through a cyclic 'onium. ion intermediate. 
Of all the alkylating agents, nitrogen mustards have 
exhibited the greatest diversity of pharmacological activity. 
Nitrogen mustards (46) (6) (43) have been shown to inhibit 
respiration and glycolysis. There is thought to be some de- 
gree of correlation between the extent of such inhibition and 
carcinogenic action (7), cell division (antimitoic effects) 
(27), and carcinostatic action of the agent. (47) Other ex- 
periments have shown that mustards deactivate viruses and 
directly alkylate nucleic acids. 
There are numerous possible sites for in vivo alkylations. 
One of the most difficult problems has been to determine how 
each of these reactions is responsible for the physiological 
and biological effects. In vitro alkylations of purines have 
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been studied in hope that such studies would solve the above 
problem. The alkylation of adenine has·been studied most 
extensively and similar mechanisms described regardless of 
the alkylating agent. In one case (21) different products 
were obtained. Based on the results obtained by Sowa (44) 
in the alkylation of hypoxanthine and the diversity of 
- pharmacological activity of mustards it was considered that 
one facet of the alkylations had been overlooked, that is, 
the differences in charge distribution in the activated 
complex for mustards versus other alkylating agents. 
Gaucher (21) postulates that the 6-product he found in 
the alkylation of adenine by N,N-diethyl-~-chloroethylamine 
was formed by rearrangem~~t of the 1-product. The 6-product 
might have been formed directly and one piece of evidence 
might be the study of the stability of the 1-J'-N,N-diethyl- 
aminoethyladenine. This study was begun in this thesis. 
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DETECTION SYSTEMS 
I. Means of Separating Reaction Mixtures 
The method of ion exchange chromatography with a linear 
gradient system was used to separate adenine from its alkyl- 
ated derivatives. The column was a Lab Crest F/P glass col- 
umn with a diameter of 2 cm and a height of 50 cm. nowex 
50W-X8 cation exchange resin, Baker Chemical Company, Phillips- 
burg, N. J., 50-100 mesh in the hydrogen form was used as a resin. 
The resin was washed with l N, sodium hydroxide, several 
aliquots of distilled water until a pH of 7 was obtained, 7 N 
hydrochloric acid, distilled water again until the wash reached 
pH 7, and f~nally with the starting elutriator used in the 
chromatography. The column was washed to remove anything 
which was bound to the resin. The resin, as a slurry in the 
starting elutriator, was poured into the column already filled 
with the starting elutriator. The elutriator was slowly re- 
moved at the bottom of the column while more resin was being 
added. When the desired amount of resin had been added usually 
to a height of 37 cm the column was stopped. The resin was 
not permitted to become dry. While the resin was being added 
the column was continuously tapped to ensure uniform packing. 
Before a sample was put on the column,the column was washed 
with the starting elutriator until an absorbency of .05 or 
less was observed for the ultraviolet absorption at 250 mM, 
260 m.i.t , and 280 m ,4.( • 
The elution system was a.linear gradient system (3) 
wh!i.ch delivered hydrochloric acid to the top of the column. 
The elution system consisted of two Erlenmeyer flasks of the 
same size connected by ai.glass tube siphon and a glass 
pressure-equalizing tube. Each flask was-filled to the 
same height with their respective normality of hydrochloric 
acid. The flask containing the lowest concentration of 
hydrochloric acid was equipped with a magnetic stirrer which 
dispersed the acid being siphoned over from the other flask 
before it reached a second siphon leading to the top of the 
column. The heights of the liquid in the flasks were adjust- 
ed to be equal by use of a ringstand and a metal ring, thus 
allowing the liquid levels in the two flasks to recede at the 
same rate thereby maintaining a linear gradient. This gradi- 
ent elution system tends to reduce the tailing of chromato- 
graphic peaks and produces sharper resolution. (Diag. I) 
The reaction mixture was dissolved in the starting 
elutriator and added to the top of the column with a pipette. 
When ail.l of the sample was on the column it was washed with 
ten 5-ml_ increments of starting elutriator. This moved the 
mixture down the column and protected it against a:n.y loss of 
re.solution due to any disturbance at the top. The column was 
then connected to the gradient by means of a siphon, and the 
LINEAR GRADIENT ELUTION SYSTEM 
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chromatography was begun. 
B~st results were obtained when 5 percent or less of 
the column capacity was used. The capacity of the column 
was found by the following method. By using the formula 
V • nr2h, where V •volume of cylinder, r =radius of the 
column, and h =height of the column, the volwne of the 
colwnn. was determined. This multiplied by 1.8 meq/ml, the 
capacity factor given by Baker Company, gave the capacity 
of the column in milliequivalents. By using the equivalent 
weight of adenine as the equivalent weight of the mixture 
an approximate capacity of the column used could be calculated. 
The fractions were collected in 16 x 150 mm test tubes 
using a fraction collector (Rinco Instrument Company, 
Greenville, Illinois) consisting of a 300 tube capacity turn- 
table, and a volume system with collecting intervals of 25 ml. 
Approximately 200-400 fractions of 25 ml were collected depend- 
ing on the size of the gradient elution system used. A drop 
time of one drop every five seconds, 1/10 ml per drop, was used 
for best resolution. Since the resin volume shrank during 
the chromatography, due to the increasing concentration of 
acid, the flow rate decreased making it necessary to adjust the 
drop time periodically. 
The test tubes were numbered and the fractions checked 
for ultraviolet absorption at 250, 260, 280, and 290 IIl.l{· Ap- 
propriate dilutions were made with hydrochloric acid. The 
? 
spectral data were obtained on the Beckman D. u. Quartz 
Spectrophotometer using a matched set of Beckman quartz 
cuvettes of 10 mm light path. Spectral curves, when re- 
quired, were recorded automatically by using a Perkin- 
Elmer 202 Ultraviolet and Visible Spectrophotometer. 
Every second tube was read until an absorption above back- 
ground was obtained.· The absorbency ratios at A250/A260, 
A280/A260, and A290/A260 were recorded. Since these ratios 
are independent of the concentration of a substance, a chro- 
matographic peak containing only one compound will have con- 
stant ratios which give only a straight line if several suc- 
cessive fractions have only one compound. 
The linearity of the gradient was checked by titrating 
various fractions using standardized sodium hydroxide with 
phenolphthalein as the indicator. A complete chromatograph 
consisted of a plot of absorbance at 260 m~ against fraction 
number, the acid gradient and absorbance ratios. 
II. Isolation of Compounds 
A11 reaction mixtures and chromatographic fractions 
were concentrated with a B:uchler Model FE-2 Flash Evaporator 
connected to an oil pump via two dry ice~acetone traps and 
a manometer. The reaction mixtures were generally evaporated 
at a pressure of 10-50 mm. An I2R infrared lamp was used to 
apply heat to the flask containing the reaction mixture. An 
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alternative method used was freeze-drying the products on 
a Virtus Model 10-135 Freeze-Drying Apparatus. 
III. Thin Layer Chromatography 
Thin layer chromatography was found to be invaluable 
in substantiating and observing reactions. All thin layer 
chromatography was run in ascending fashion on Eastman 
Alumina Chromatogram Sheet 6063. Strips 7.7 cm in length 
and 1.7 cm in width were cut from the alumina sheet. The 
strips were placed in an oven at 105°0 for 30 min. to 
activate them, and then placed in a desiccator until used. 
A 1:1 ratio of 95 percent alcohol and acetone was found to 
be the best solvent system.~ The reaction mixture was applied 
to the alumina with a 10 lambda pipette (l~· .001 ml), and 
a r2R infrared lamp used to dry the solvent more quickly. 
The spots applied in this manner were kept small allowing 
for better resolution. 
A 150-ml salt j~ with its walls lined with filter 
paper was used as the developing chamber. Four ml of the 
above eluent was placed in the bottom of the jar and allowed 
to saturate the filter paper forming an atmosphere saturated 
with solvent. The alumina strip was placed in the develop- 
ing chamber and after the solvent moved three-quarters of 
the way to the top of the alumina, the thin layer strip was 
removed from the jar. The solvent front was marked with 
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pencil and the plate dried. The plate was then placed into 
another 150-ml salt jar saturated with. iodine vapor. The 
stained spots from the reaction were easily seen and circled 
with pencil. This method was the simplest way to detect 
spots. 
IV. Uitraviolet Spectrum and Its Use in Identifying the 
Alkylated Derivatives of Adenine 
The ultraviolet spectra of adenine and its alkylated 
products are very similar and would be impossible to use 
for conclusive identification at one pHLvalue. However, 
spectra are obtained in solutions of varying pH's with 
differences in spectra seen. To maintain the same condi- 
tions throughout the experiments and avoid the necessity 
of knowing the pKa values and concentrations of the 
various compounds, spectra was observed at pH values of 
2 and 11 with a maximum absorbance .. of approximately 0.7. 
The solutions were adjusted to the pHLvalues by use of a 
Leeds and Northrop pH meter with 1 N hydrochloric acid and 
1 N~ sodium hydroxide. The blanks were made from distilled 
wa.:ter and adjusted similarly to pH 2 and 11. The spectra 
were recorded automatically on a Perkin Elmer 202 ultra- 
violet and visible spectrometer. The spectral data obtained 
from the curves gave /'-.max. and 1'-min. at pH. values of 2 
and 11. Isoabsorptive and isobestic point data were obtained 
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from curves run on samples at pH.l, 2, 3, 10, 11and12. In 
order to assess the values of ultraviolet spectra in the 
identification of the alkylated adenines, a literature survey 
of available ultraviolet spectral data was compiled and is 
presented in Table I. 
V. Proton Resonance ~pectra of Alkylated Adenine Derivatives 
All NMR spectral data were obtained by the following 
method. A .04 g sample was placed in 4 ml of n2o and re- 
fluxed until the sample went into solution. A.portion of 
this sample was placed in an NMR tube and the spectrum re- 
corded.by the Varian model A.-60 N.MR instrument. While the 
spectrum was being recorded the sample was crystalizing 
causing a broadening of the ~MR peaks. 
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TABLE I 
Literature Values of Ultraviolet Spectral Data for 
Alkflated Adenine Derivatives 
)> me.x8' Isoabsoretive 
Purine Derivative Acid Base Pointse. Reference - - 
6-RH2- (adenine} 262 26'1 35 
6-NH2- (adenine) 262.5 269 282; 268; 235.5 13 
6-CH3NH- 267 272 30 
6·(HOCH2CH2)aNCH2CH2NH· 274.5 273 32 
6-(HOCH2CH2)2NCH2CH2CH2NH- 274.5 273 32 
6-(CH3)aff- 276 281 35 
l·CH3-6-NH2- 259 270 30 
l-benz11-6-NH2- 260.5 271.5 263.5; 237.5 41 
l-CH3-6 ... NH2- 258.l 269.5 33 
l-CH3-6-NH;r 259 270 263; 237 9, 29 
3-~·6•NH2- 274 2'12 281; 24:0 16, 9 
3-CH3-6-NH2- 274 273 25, 30 
continued on page 12 
a-.7\me.x and isoabsorptive points given in millimiorons 
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TABLE I (CONT'D.) 
l'-me.xa Isoabsorpti ·n 
Purine Deriv&tbe Acid Base Po1nts8 Reference - - 
3-CH3CH2-6-N~- 275 2'13 286; 241 16 
3-HOCH2CR2-6-NH2- 275 275 285; 241 16 
3-HOCH2CMORCH2-6-N82- 275 275 286; 242 16 
3-(CH3)2C=CHCH2-6-NH2- 274 273 282; 240 16 
7-CH3-6-NH2• 272 270 251; 232; 221 16, 39, 30 
7-{C~)2C=CHCH2-6·N~- 274 273 251; 235; 223 16 
'T-(C~)2NCH2CH2CH2-6-NH2• 272 271 248; 236; 223 16 
'1-(CH3)2NCH2CH2·6·NH2- 2'14 2'12 250; 236; 218 16 
7-(CH3CH2)2NCH2CHz-6-NH2• 274 2'12 250; 236; 222 16 
9•CH3•6·N~- 261 262 42 
9•CM3-6-NH2- 260 260 30 
9•CH3(CH3)CHCH2CH2·6-~'Hz- 252 264 5 
9-CH3CH2-e-NHa- 259 262 37 
2-CH3-6-NH2- 266 271 4 
8-CH3-6-NH2- 269 266 28 
a--~max and isoabsorptiYe points given in millirnicrons. 
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EXPERIIVJENTAL 
I. Preparation of the W,N~D·iethylaziridiniu:m Chloride 
The N,N-diethyl-p-chloroethylamine was prepared at 
Union College, mp 210-211°c (literature mp 210-211°0) (15). 
The N,N-diethylaziridinium chloride was prepared by adjust- 
ing an approximate O.l M solution of N,N-diethyl-p-chloro- 
ethylamine hydrochloride in distilled water to pH 12 with 
sodium hydroxide pellets and 2 N sodium hydroxide. The 
solution was allowed to stand at pH 12 for 10 min. and then 
lowered to pH 5 with 10 percent hydrochloric acid. 
II. Alkylation of .Adenine with Nitrogen Mustard at pH 5.0, 
25°c (gradient 3.5 N~6 N Hlfdrochloric Acid in Two 
2-Liter Flasks) 
The adenine was obtained from Aldrich Company and 
N,N-diethyl-P-chloroethylamine hydrochloride was used as 
the alkylating agent. A. solution of 0.127 g (0.074 moles) 
of mustard hydrochloride in 80 ml of water was changed to 
N,N-diethylaziridinium chloride as previously described. 
This solution was added to 0.5 g (.0037 moles) of adenine 
in 655 ml of distilled water resulting in a final reaction 
mixture which was 4.96 x 10-3 Min adenine and 9.92 x 10-3 M 
in alkylating agent. The solubility of adenine in water is 
7 x 10-3 M. (1) 
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at 37°. 
The reaction was maintained at pH.. 5 in an oil bath held . The ]f>lii .. was checked at different intervals, and ad- 
justed to pH:t5 when needed. Because of the stability of the 
ethyleneimonium ion, the reaction was not terminated until 
91 hours had elapsed • .uuring this time the highest pH re- 
corded was 5.2. Thin layer chromatography was used to 
follow the reaction. 
After the reaction was terminated the solution was flash 
evaporated. The mixture, 10.4 mg, was then placed on a Dowex 
50W-X8 for separation. The ultraviolet data of the fract ons, 
the pH.gradient and the absorption ratios are given in \Fig. I). 
As was stated previously, thin layer chromatography of 
the reaction mixture was taken at frequent intervals. Thin 
layer plates indicated that there were ~t least four products 
besides adenine. \t1g. I~) 
THIN LAYER CHROMA'l'OGRA.PH OF THE REACTION OF 
ADENINE WITH NI11ROGEl'if MUSTARD 
0 Fig. II 
8 
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From this column one reaction product was separated . enough to be identified through the use of the ultraviolet 
spectrophotometer as the 9-alkylated adenine. (Table II) 
In order to obtain better resolution of the reaction 
mixture a gradient system of 1.5 N-7 N hydrochloric acid 
in two 6-liter flasks was used. However due to mechanical 
difficulties with the fraction collector no significant 
data could be obtained despite numerous attempts. 
III. Reaction of Adenine with Ethylene Chlorohydrin 
The ethylene chlorohydrin, Eastman Kodak Chemical Co., 
was distilled before being used in the experiment. At first 
adenine was reacted with ethylene chlorohydrin at various 
temperatures: 0.1015g(7.5x10-4 M)~of adenine in 10 ml 
(1.5x10-l M) of ethylene chlorohydrin a.:t 95°0, 0.1025 g 
(7.6 x 10-4 M) of adenine in 10 ml of ethylene chlorohydrin 
at 131 <c, and 0.1030 g (7.6 x 10-4 M) of adenine in 10 ml 
of ethylene chlorohydrin at 76°C. These reactions were 
terminated after two days and were followed at various in- 
tervals with thin layer chromatography. (Fig. III) 
The reaction at ?6°C was then run on a larger scale 
with 1.00 g (7.4 xl0-3 M) of adenine added to 100 ml (1.5 M) 
of ethylene chlorohydrin, the molar ratio of the reactants 
being 1:2000. This reaction was terminated after eighteen 
hours and the reaction solution was flash evaporated. The 
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Fig. III 
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THI~LAYER CHROMATOGRAPHS OF THE REACTION 
OF ADENINE WITH ETHYLENE CHLOROHYDRIN 
Reaction at 131°C 
After 2 1/2 hrs. After 1 1/2 hrs. 
D 
8 
Reaction at 95°C 
After 11/2 hrs. After 2 1/2 hrs. 
·e 
0 
Reaction at 76°C 
Arter 11/2 hrs. After 2 de.ya 
8 B 
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reaction mixture gave melting points at both 184°0 and 235°0 • . Since adenine melts at a3.. temperature greater than 300°0, this 
indicated that a.reaction had taken place. 
A. small column of Dowex 50W-X8, 13 cm in length and 1/2 
cm in diameter, was made to determine the gradient system to 
be used. A small sample was placed on the column and then 
the column was washed with increasing normality of hydro- 
chloric acid. The effluent from the column was collected 
in tubes and checked for spectroscopic absorption at 260 m~. 
By this means it was determined that a gradient system run 
from 1. 5 N.; to 4 N1 hydrochloric acid would be sufficient to 
separate the products. 
A larger column was prepared as previously mentioned 
and a solution of the reaction mixture (1.4 g or approxi- 
mately 1.3 percent column capacity) was placed on the column. 
The ultraviolet data for the fractions, the pH gradient, and 
the absorption ratios of the chromatogram are seen in Fig. IV. 
Details of the chromatographic run are given in Table III. 
The ultraviolet spectra of peak A at pffi2 and 11, as well 
as the isoabsorption points obtained for a family of curves 
recorded at pH;_ 1, 2, 3, 10, 11 and 12 compare favorably with 
those of other 3-substituted adenines. This is shown in Table 
IV. Further confirmation of the 3-product was obtained when 
the 3-~-hydroxyethyladenine was subjected to alkali conditions 
(1 N sodium hydroxide, 100°, l hr.) used by Elion (19) to 
convert 3-methyladenine to 3-methylhypoxanthine. The ultra~ 
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violet data obtained (pR 1, ?\ max = 259 mt4; pH1 11, {\ max . , = 263 m/.l) was similar to that given by Elion (19) for 
3-methylhypoxanthine (pHL 1, r... max = 253 m1.1; pli 11, "-max 
= 265 m~). 
The ultraviolet spectra at pHL2 and pHt 11 for peak:& 
are believed to be those for the 1-~-hydroxyethyladenine 
and this is compared with literature values for other 
1-alkylated adenines in Table V. The ultraviolet spectra 
at pHi2 and pHlll, and isoabsorption points for peak C 
indicate that the material is adenine. It should be noted 
that in all chromatograms from the Dowex 50W-X8 column 
adenine was observed to be eluted in the pH1range of 3.1-3.8. 
An attempt was made to prepare 1-p-chloroethyladenine 
from l-fi-hydroxyethyladenine hydrochloride with thionyl 
chiltoride (32) (34) at various temperatures without results. 
Peak B) was flash evaporated and O. 3 g of the 1-ft-hydroxy- 
ethyladenine hydrochloride was added to 25 ml of thionyl 
chloride at 75°c. The solution was observed at various 
intervals for three days. A,, sample was taken from the 
mixture. It was checked on the Beckman spectrometer at 
wave lengths of 250, 260, 280, and 290 mg, and gave no 
absorption readings • 
.Amother approach to chlorination was then tried. A 
sample of O.l g of 1-p-hydroxyethyladenine hydrochloride 
was added to 0.3 g of phosphorous pentachloride at 50°0 in 
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20 ml of phosphorous oxychlor1de, and after four hours a 
sample was taken. ~rts ultraviolet spectrum was observed, and 
no appreciable absorption was recorded. Similar experiments 
at temperatures of 70°, 80°, and 105°c gave the same results. 
The 1-P-hydroxyethyladenine was placed in a basic solu- 
tion of pffi 11 at room temperature and its ultraviolet spec- 
trum was recorded after 2, 3, 7, and 14 days at both pHlll 
and pHl2. At each time interval and value of pH, no change 
in the ultraviolet spectrum. of 1-P-hydroxyethyladenine was 
recorded. The absorbency ratios at A250/A260, A280/A260, 
and A290/A260 were also recorded. These ratios were the 
same as those recorded for 1-~-hydroxyethyladenine. 
A basic solution pH 12 of 1-~-hydroxyethyladenine was 
refluxed for 70 min., and the ultraviolet spectra was re- 
corded at both p!h 12, and pH 2. Both spectra were identical 
with the ones taken before the sample was refluxed. The 
absorbency ratios at A250/A260, A280/A260, and A290/A260 
were also recorded. Thesffi ratios were the same as those for 
1-~-hydrox:yethyladenine. The method of thin lauer chromatog- 
raphy previously described was used before and after reflux 
and in both eases one spot with an Rf value of .31 was found. 
IV. NMR Datw. from the Ethylene Chlorohydrin Adenine 
Reaction Mixture 
The NMR spectral data obtained are tabulated in Table 
VI, and the spectra obtained for adenine and the reaction 
mixture are given in Figs. V, VI and VII. 
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TABLE VI 
Nuclear Magnetic Resona.nee S2ectral Data 
tor Allglated Adenine(a) 
Compounds Peak Area Assignment - - 
Adenine 8.1 (broad singlet) c2-H, c8-H 
Ethylene chlorohydrin 8.73 (singlet) 1 C2-H or Cs-H 
and adenine reaction 
mixture 8.64 (singlet) 1 C2-H or Cs-H 
8.38 (singlet) 2 C2-H or CrR 
4.1 (multiple) CH2 (methylene) 
4.65 (multiple) CH2 (methylene) 
Ethylene chlorohydrin 9.6 (singlet) C2-H or Ca-H 
and adenige reaction 
mixture{b · 8.95 (multiple) C2-H or C5-H 
4.8 (multiple) CH2 (methylene) 
4.25 (multiple) CH2 (methylene) 
(a) SolTent was o2o and peaks are tabulated in parts per million (ppm,£) 
realitive to tetramethylsilane. 
{b) Solvent was D20 and HCl. 
All samples were crystalizing while spectra were being recorded. 
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The c2 and 08 hydrogen of adenine fall in the region of . 
~8.1-8.2. (14) 1.rhese hydrogen shift upfield or downfield 
with different substituted adenines. The shifts in the o2 
and c8 peaks of the reaction mixture indicate a substituted 
adenine. The single peak at S 8.38 (Fig. VI) with an area 
e_quivalent. to two protons could indicate that a 3-alkylated 
adenine was formed. (21) Jardetsky (23) stated that low 
pHicauses a shift in the c2 and c8 protons of adenosine 
downfield. This was noted when the spectrum of the mixture 
was taken. (Table VI) The higher field multiples in Figs. 
VI and VII are attributed to the methylene protons. The 
two multiples are different than the single multiple obtain- 
ed ar ound S 3.8 for that of ethylene chlorohydrin. (45) 
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D.ISCU.SSIO:m 
The. greatast numbBr of !-substituted adeninas have 
been methylated. adenines. The early studies dealt with 
the alkylation of adenosine in aJ-. basic solution with 
dimethyl sulfate, but no identification of products was 
given. (8) (31) In 1960 Brookes (9) was the first to 
synthesize and identify 1-methyladenine. He also ob- 
served its rearrangement to 6-methylaminopurine in base 
and its degradation to 5-aminoimidazole-4-N~methyl- 
carboxamidine in acid. Jones (24) converted 2'-deoxy- 
1-methyladenosine hydroiodide to 1-methyladenine at pH.. 
8.5 with aqueous ammonium hydroxide and found no evidence 
o1 rearrangement. llbwever 1-methyladenosine was converted 
to the 6-methyladenosine when heated for 75 min. at 100°0 
in •. 025 N1 sodium hydroxide. Montgomery (38) made the 1- 
methyladenine from l-methyl-9-propenyladenine under basic 
conditions and found no 6-substituted adenine. O.ther ref- 
erences (33) (41) dealing with the making of 1-methyl- 
adenine showed no rearrangement under basic conditions, 
although Leonard (29) did notice 1-benzyladenine rearranged 
to the 6-substituted adenine upon refluxing in 0.2 Ni sodium 
hydroxide for 7-0 min •• 
Kaplan (26) alkylated adenosine with ethylene oxide 
and obtained only one product, 1-/3 -hydroxyethyladenosine, 
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which was isolated as the perchlorate salt, and purified 
by recrystalization. He stated that at pH 9 and o0c the 
!-product slowly rearranged to the 6-substituted adenine. 
I Gaucher, (21) by the alkylation of adenine with N~N~diethyl- 
p -chloroethylamine at pHI 7, found the 6-substi tuted adenine. 
He postulated that this product was formed by the rearrange- 
ment of the I-substituted adenine. It could equally well 
have been explained on the basis of direct alkylation at the 
6-N position. If it could be established that the I-product 
was stable under the reaction conditions, the direct alkyl- 
ation concept would seem more likely and the sensitivity of 
the transition state to the charge on the nucleophile might 
seem to be important. Nevertheless, in summary of the above 
publications it can be seen that the I-substituted adenine 
rearranged in alkaline solution to the 6-substituted adenine 
only under extreme conditions while rearrangement for the 
1-substi tuted adenosine occured at milder. conditions. 
The rearrangement of the 1-substituted adenine has been 
suggested to have a similar type rearrangement as seen by 
pyrimidines, (10) (11) (12) that is an opening of the pyrim- 
idine ring from attack by hydr~xide ion and a reclosing to 
form the 6-product. 
For the 1-fa -hydroxYethyladenosine Kaplan suggested 
the following rearrangement in alkaline solution. (26) 
(Reaction l) 
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. 
NII-,_ 
R = Ribose 
Reaction.I 
Lawley, after finding that 1-methyladenine had pKa 
values of 7~2 and 11.0 with the former value assigned to 
the dissociation of ~proton from the amino group and the 
latter from imidazole, formulated the following procedure 
for the compound in acid and base. (9) (Re~ction II) 
NI+ 
Me= Methyl Reaction II 
34 
Gaucher, in his doctoral thesis, surmised the rearrange- . ',' 
~ ment of the 1-P-diethylaminoethyladenine to the 6-P-diethyl- 
aminoethyladenine by a similar procedure. (21) 
The experimental data obtained from the 1-B~hydroxy- 
ethyladenine in basic solution indicated that the compound 
was quite stable to rearrangement. This fact, along with 
Kaplan's (26) report of the instability of the 1-/3-hydroxy- 
ethyladenosine, suggested that the hydrogen in the 9-position 
of adenine might have an important function in the stability 
of the 1-substituted adenine. This was further substantiated 
by the fact that Jones (24) noticed the rearrangement of 
1-methyladenosine in alkaline conditions and ¥ontgomery (38) 
noticed that no rearrangement occurred in alkaline conditions 
for 1-methyladenine. The loss of the proton at the 9-position 
on 1-methyladenine could stabilize the positive charge at the 
1-position while for 1-methyladenosine with the 9-position 
substit.uted this could not occur. (R.e;acti9n III) 
R = Ribose Me= Methyl Re ac.t i on III 
N. R. 
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Also since th~ 1-p -hydroxyethyladenine o/as quite stable, 
" there is strong indication tha.=t the activation energy may 
play an important role in the substitution of ade·nine. 
!'urther work, such as obtaining an elemental analysis, 
and isolating products obtained under strong acid conditions, 
could be helpful in substantiating to a greater degree the 
l-j3 -hydroxyethyladenine. Also from the 1- /3 -hydro:x:yethyl- 
adenine one could make the 1- p -dietb.ylaminoadenine. A 
possible means would be by tosylating the ·a1cohol·tl7) and 
then reacting this product with diethylamine. 
In the alkylation of adenine with nitrogen mustard it 
was assumed that the nitrogen mustard reacts through a cyclic 
three-membered ring intermediaite. The proof for this inter- 
mediate was observed through proton nuclear magnetic reso- 
nance spectrum of N~N~diethyl-fi -chloroethylamine. (44) 
Superimposed on the quartet assigned to the two methylene 
groups from the two ethyl groups in the three-membered 
aziridinium ring was a sharp singlet indicitive of four 
equivalent protons. This singlet was subsequently assigned 
to the four protons of the two methylene groups found in the 
aziridinium ring. It has also been found, through kinetic 
studies of the N,Ni-diethylnitrogen mustard, that the cyclic 
ethyleneimmonium ion was unusually stable. 
The experimental work with the alkylation of adenine 
with N, N,..diethyl- fi -chloroethylamine was carried out at pH 5. 
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The purpose o~ the acid solution was to hinder aIJ:Y rear~ange- 
ment. Note that the-rearrangement was presumably a clevage 
of the pyrimidine ring and subsequent ring enclosure depend- 
ing upon the basicity of the free amino group. Thus in an 
acid media with the amino group protona~ed rearrangement 
would be hindered. If the pyrimidine ring should be broken 
the ring closure would be impossible. The linear gradient 
system from pH 1.5-pH 7 should be able to separate the prod- 
ucts from the alkylation of adenine at pH 5. It would indicate 
whether the I-substituted adenine, 6-substituted adenine, side 
products or any combination of all three were formed. If the 
1-substituted adenine was formed it could be isolated and 
further reactions c·arried out at different pH ranges to deter- 
mine its stability. 
The different ultraviolet spectra obtained at various 
pH's are invaluable in determining the different substituted 
adenines. These differences arose from the fact that protons 
were added or lost at various pHl' s on the different ionic 
species. These species depended upon the pKa value of the 
molecule and the pH of the solution. The shift in maximum 
absorbency due to different species formed at different pH's 
was useful in determining the exact substituted adenine. 
Also if the spectral curves of two species overlap, this 
point may be called "isoabsorptive point11 or point of equal 
absorption. (21) However, if the two species were inter- 
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convertible SQ that the total quantity was constant an 
isoabsorptive point would have an absorbency that depended 
only on the total number of equivalents of the two species, 
and then it is called an isobestic point. (20) (36) Further- 
more, the spectra of the two species, taken over the pH:. 
range in which they occur, would have the same isobestic 
points. For example: adenine has pKa values of 4.3 and 
9.8; (2) only neutral and cationic species are present be- 
tween pH land 7, while only neutral and anionic species 
exist between plfl7 and 13. Thus the crossover points from 
the spectra of th~ experimental pH's 2 and 11 are isoab- 
sorptive points and not isobestic points. 
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SUMl'iiA.RY 
The 1-R -hydroxyethyladenine was prepared from the 
reaction between ethylene chlorohydrin and adenine at 76°0. 
The !-substituted adenine was separated from the reaction 
mixture by use of ai.linear gradient ion exchange chrom- 
atography. The stability of the 1-~ -hydroxyethyladenine 
was checked P-nder alkaline conditions and it was found to 
be stable. 
The stability of the 1-substituted adenine indicated 
the improbability that the 6-substituted adenine could be 
formed from the rearrangement of the 1-substituted adenine. 
It could also indicate that adenine could be alkylated by 
direct alkylation and the sensitivity of the transition 
state to the charge on the nucleophile might be important. 
Thus a guideline could be established predicting the 
results that could be obtained from the alkylation of 
adenine and guanine with different alkylating agents. 
10. 
11. 
12. 
13. 
14. 
16. 
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